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I X| in the demand filed with the International Preliminary Examining Authority on: 

01 February 2001 (01.02.01) 



I I in a notice effecting later election filed with the International Bureau on: 
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made before the expiration of 19 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 
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Pascal Piriou 
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Telephone No.: (41*22) 338.83.38 
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(POT Administrative Instructions, Section 411) 
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NATAUPSKY, Steven, J. 
i\noDDe, Martens, L/ison oi Dear/ llf 
620 Newport Center Drive 
16th floor 

Newport Beach, CA 92660 
ETATS-UNIS D'AMERIQUE 


Date of mailing (da//month/year) • 
09 November 2001 (09.11.01) 




Applicant's or agent's file reference 
IFLOW.063QPC 


HEWaPORTANT NOTIFICATION 


International application No. 
PCT/USOO/19746 


International filing date (day/month/year) 
19 July 2000 (19.07.00) 


International publication date (day/nnonth/year) 
25 January 2001 (25.01.01) 


Priority date (day/month/year) 
19 July 1999(19.07.99) 


Applicant 

l-FLOW CORPORATION et al 



1 . The applicant Is hereby notified of the date of receipt (except where the letters "NR" appear in the right-hand column) by the 
International Bureau of the priority document(s) relating to the earlier 8pplication(s) Indicated below. Unless otherwise 
indicated by an asterisk appearing next to a date of receipt or by the letters "NR", In the right-hand column, the priority 
document concerned was submitted or transmitted to the International Bureau in compliance with Rule 17.1(a) or (b). 

2. This updates and replaces any previously issued notification concerning submission or transmittal of priority documents. 

3. An asterisEc(«) appearing next to a date of receipt In the right-hand column, denotes a priority document submitted 
or transmitted to the International Bureau but not in compliance with Rule 17.1(a) or (b). In such a case, the attention 
of tha applicant is directed to Rule 17.1(c) which provides that no designated Office may disregard the priority claim 
concerned before giving the applicant an opportunity, upon entry Into the national phase, to furnish the priority document 
within a time limit which is reasonable under the circumstances. 

4. The letters "iMR" appearing in the right-hand column denote a priority document which was not received by the International 
Bureau or which the applicant did not request the receiving Office to prepare and transmit to the International Bureau, 

as provided by Rule 1 7.1 (a) or (b), respectively. In such a case, the attention of the applicant is directed to Rule 17.1 (c) which 
provides that no designated Office may disregard the priority claim concerned before giving the applicant an opportunity, 
upon entry into the national phase, to furnish the priority document within a time limit which Is reasonable under the 
circumstances. 

Priority date Priority aPDlication No. Country or regional Office Pate fff m^^9\ 

or PCT receiving Office of priority document 

19 July 1999 (19.07.99) 09/363,228 US 05 Nove 2001 (05.11.01) 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Tessadel PAMPLIEGA 


1211 Geneva 20, Switzerland 


Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 
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Applicant's or agent's file reference 
IFLOW.063QPC 


crfcB CI iDxucD Af^Ttr%M ®®® Notification of Transmittal of International 

POR PUHTHER ACTION Preliminary Examination Report (Fomri PCT/IPEA/416) 


International application No. 
PCT/USOO/19746 


Intemational filing date (day/month/year) 
19/07/2000 


Priority date (day/month/year) 
19/07/1999 


International Patent Classification (IPC) or national classification and IPC 
A61M25/00 


Applicant 






l-FLOW CORPORATION et al. 







1 . This international preliminary examination report has been prepared by this International Preliminary Examining Authority 
and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 9 sheets. Including this cover sheet. 

□ This report is also accompanied by ANNEXES, i.e. sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sheets. 




3. This report contains indications relating to the following items: 

I S Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial app 
citations and explanations suporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the international application 



II 


□ 


III 


El 


IV 


Ei 


V 




VI 


□ 


VII 




VIII 


IS 



Date of submission of the demand 
01/02/2001 


Date of completion of this report 
29.08.2001 


Name and mailing address of the Intemational 
preliminary examining authority: 

^ European Patent Office 
^) D-80298 Munich 

Tel. +49 89 2399 - 0 Tx: 523656 epmu d 
Fax: +49 89 2399 - 4465 


Authorized officer ^-^=7-^ 

Dherv6,G (( M )) 
Telephone No. +49 89 2399 241 5 \2sss:tf5^ 



Form PCT/1 PEA/409 (cover sheet) (January 1994) 



INTERNATIONAL PRELIMDNAIRY 
EXAMINATION REPORT 



International application No. PCT/USOO/1 9746 



I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70, 1 7) ): 
Description, pages: 

1-18 as originally filed 



Claims, No.: 
1-72 

Drawings, sheets: 
1/4-4/4 



as originally filed 



as originally filed 



2. With regard to the language, all the elements nnarked above were available or fumished to this Authority in the 
language in which the international application was filed, unless othenvise indicated under this item. 

These elements were available or fumished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the intemational application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application in computer readable forni. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable fomi. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been fumished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ 



the drawings, 



sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report,) 

6. Additional observations, if necessary: 

Hi. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1. The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be Industrially applicable have not been examined in respect of: 

□ the entire intemational application. 
IS claims Nos. 17,29,46,57,63,69. 



IS the said international application, or the said claims Nos. 17,29,46,57,63,69 relate to the following subject 
matter which does not require an Intemational preliminary examination {specif}^: 
see separate sheet 

□ the description, claims or drawings {indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed {specify^: 



□ the claims, or said claims Nos. are so Inadequately supported by the description that no meaningful opinion 
could be formed. 

IS no International search report has been established for the said claims Nos. 17.29,46,57,63,69. 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



IV. Lack of unity of invention 

1 . In response to the invitation to restrict or pay additional fees the applicant has: 
IS restricted the claims. 



because: 
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□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. □ This Authority found that the requirement of unity of invention is not complied and chose, according to Rule 

68.1 , not to Invite the applicant to restrict or pay additional fees. 

3. This Authority considers that the requirement of unity of invention In accordance with Rules 13.1. 13.2 and 13.3 is 

□ complied with. 

□ not complied with for the following reasons: 

4. Consequently, the following parts of the international application were the subject of international preliminary 
examination in establishing this report: 

□ all parts. 

la the parts relating to claims Nos. 1 1 ,1 2,54-56,58,59. 

V. Reasoned statement under Article 35(2) with regard to novelty, inventive $tep or industrial appiicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 

No: Claims 11,1 2,54-56,58,59 

Inventive step (IS) Yes: Claims 

No: Claims 1 1 ,12,54-56.58,59 

Industrial applicability (lA) Yes: Claims 1 1 ,1 2.54-56,58,59 

No: Claims 

2. Citations and explanations 
see separate sheet 

VII. Certain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
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III. Non-establishment of opinion with regard to novelty, inventive step and 
industrial applicability 

No International preliminary examination Is carried out on claims 17, 29, 46, 57, 63 and 
69 because they relate to methods "of unlfomily delivering fluid throughout an 
anatomical region" which Involve a treatment of the living body by surgery and thus Is 
covered by the provision of Article 35(3)(a)PCT and Rule 67(1 )(iv) PCT. 

IV. Lack of unity of invention 

The present application consists of 3 groups of inventions which are: 

- Claims 1-10, 13-16, 18-28, 30-45 and 47-53: Catheter for uniformly 
delivering a drug through a porous distribution section and method of manufacturing 
the catheter; 

- Claims 11, 12, 54-56, 58, 59: Catheter for uniformly delivering a drug 
through exit slots or holes of varying sizes and method of manufacturing the catheter; 

- Claims 60-62, 64, 65-68, 70-72: Catheter for uniformly delivering a drug 
through gaps of a tubular coil spring and method of manufacturing the catheter. 
These groups are not so linked as to fomri a single general inventive concept (Rule 13.1 
PCT) since there Is no technical relationship which finds expression In the claims in the 
terms of the same or corresponding technical features. The only common technical 
element linking together the 3 groups is a catheter comprising a catheter body, which Is 
known as such (see document WO-A-92/001 1 3). 

As requested by the Applicant In his reply to the invitation to restrict the claims or pay 
additional examination fees, dated 22.03.01 , the international preliminary examination 
Is carried out on the second mentioned group of inventions only, I.e. claims 11, 12, 54- 
56, 58 and 59. 



V. Reasoned statement under Article 35(2) PCT with regard to novelty, inventive 
step or industrial applicability; citations and explanations supporting such 
statement 



Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997) 



INTERNATIONAL PRELIMINARY International application No. PCT/USOO/1 9746 

EXAMINATION REPORT - SEPARATE SHEET 



Reference is made to the following documents: 
D1 : EP-A-0 804 936 
D2: US-A-5 066 278 

V.I. Independent apparatus-claim 1 1 and its dependent claim 12 

Document D1 defines (see the abstract, page 2, lines 47-55, page 4, lines 20-44, page 
9, lines 54, 55 and claims 1-3) a catheter for the unifomi delivery of fluid throughout an 
anatomical region, comprising an elongated tube having a plurality of exit slots in side 
walls of said tube, said slots being provided along a length of said tube defining an 
infusion section of said catheter, said slots being oriented generally parallel to the 
longitudinal axis of said tube, said tube being configured so that a fluid flowing therein 
will flow through substantially all of said exit slots at a substantially equal rate. 

It is to be noted that document D2 also shows a catheter with the above cited features 
(see figure 3 and column 5, lines 39-44). 

Thus, the subject-matter of independent claim 11 (see also the clarity objections 
raised in Section VIII) is not novel in the sense of Article 33(2) PCT. 

Slots with increasing length from the proximal to the distal ends of the infusion section 
as defined in dependent claim 12 are also known from document D1 (see claims 1 
and 3). 

V.2. Independent apparatus-claim 54 and its dependent claims 55. 56 

Document D1 defines (see the abstract, page 2, lines 47-55, page 4, lines 20-44, page 
9, lines 54, 55, page 10, first paragraph and claims 1-3) a device for the uniform 
delivery of fluid throughout an anatomical region, comprising an elongated catheter 
having a plurality of exit holes along a length of said catheter, said exit holes gradually 
increasing in size along said length of said catheter, wherein the largest of said exit 
holes is nearer to the distal end of said catheter than the smallest of said exit holes, so 
that a fluid flowing under pressure within said catheter will flow through substantially all 
of said exit holes at a substantially equal rate, said catheter being formed from a 
material that is non-reactive to anatomical systems. 
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It is to be noted that document D2 also shows a catheter with the above cited features 
(see figure 3 and column 5, lines 39-44). 

Thus, the subject-matter of independent claim 54 (see also the clarity objections 
raised in Section VIII) is not novel in the sense of Article 33(2) PCT. 

Dependent claims 55 and 56 do not contain any features which, in combination with 
the features of independent claim 54 to which they refer, meet the requirements of the 
PCT in respect of novelty (Article 33(2) PCT), document D1 showing: 

- exit holes provided throughout the circumference of the catheter as claimed 
in claim 55 (see figure 1); 

- exit holes having a diameter within the range defined in claim 56 (see 
values of Di defined in the table of page 9). 

V-3. Independent method-claim 58 and its dependent claim 59 

The method defined in claims 58 and 59 is known per se from document DI (see the 
comments for claims 54 and 55 in item V.2) and, thus, these claims do not meet the 
requirement Article 33(2) PCT. 



VII. Certain defects in the international application 

VII.1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art 
disclosed in the document DI and D2 is not mentioned in the description, nor are these 
documents identified therein. 

Vli.2. The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

VII.3. The units of measure employed in claim 56 and on page 10, lines 14-18, 30, 31, 
page 12, lines 10-14, page 13, lines 1 1 , 17, 18, 31 and page 15, lines 3-7 are not 
additionallv expressed in terms of the units stipulated by Rule 10.1 (a) PCT. 

VIL4. The items 98 (figure 11) and 228 (figure 19) shown on the figures have not been 
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referred to in the description (Rule 11. 13(1) PCX). 

VII.5. The term "Mentek" used on page 15, last line, appears to be a registered trade 
mark and should have been identified as such (see the PCT Guidelines, 11-4.16 and III- 
4.5b). 



VIII. Certain observations on the international application 

Vlil-1. The claims are not concise having regard to the two independent claims 1 1 and 
54, both referring to a catheter for the uniform delivery of fluid. Hence, independent 
claims 11 and 54 do not meet the requirements of Article 6 PCT. 
In order to overcome this objection, it would have been appropriate to file an amended 
set of claims defining the relevant subject-matter in terms o f a sinoie independent 
claim in this apparatus cateoory followed by dependent claims covering features which 
are merely optional (Rule 6.4 PCT). 

VIIL2. Independent claim 1 1 does not meet the requirements of Article 6 PCT in that 
the matter for which protection is sought is not clearly defined. In this claim the term 
" said tube beino configured so that a fluid flowing therein will flow through substantially 
all of said exit slots at a substantially eoual rate " seems to be the expression of a result 
to be achieved without clear definition of the technical features of the claimed 
instrument allowing the result to be effectively obtained (see the PCT Guidelines, III- 
4.7). 

VIII.3. The description has not been brought in conformity with the at present claimed 
subject-matter (Rule 5.1(a)(iii) PCT), namely the one defined in claims 11,12, 54-56, 
58 and 59 (see, in particular, figures 1-4, 9-1 1 and the corresponding passages of the 
description, that defines embodiments without infusion apertures). 
The applicant should have removed this inconsistency, either by deleting the "excess" 
subject-matter from the description and the drawings, or by indicating in the description 
that the embodiments concerned do not form part of the invention but represent 
background art (see the PCT Guidelines, III-4.3). 
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From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

NATAUPSKY, Steven J. 
KNOBBE, MARTENS, OLSON 
AND BEAR, LLP 
620 Newport Center Drive 

Newport Beach, CA 92660 
ETATS-UNIS D'AMERIQUE 


iNLI 1 Ir IL^/V 1 llJIN Or KtiC^llIKi 
OF DEMAND BY COMPETENT INTERNATIONAL 
PRELIMINARY EXAMINING AUTHORITY 

(PCT Rules 59.3(e) and 61.1(b), first sentence 
and Administrative Instructions, Section 601(a)) 


Date of mailing 

(dayfmonth/year) Q |^ Q3^ 


Applicant's or agent's file reference 
IFLOW.063QPC 


IMPORTANT NOTIFICATION 


International application No. 

PCX/ US 00/ 19746^ 


International filing date (day /month /year) 
19/07/2000 


Priority date (day /month /year) 
19/07/1999 v/^ 


Applicant 

I -FLOW CORPORATION et al. n/^ 



The applicant is hereby notified that this International Preliminary Examining Authority considers the following date as the 
date of receipt of the demand for international preliminary examination of the international application: 



01/02/2001 



This date of receipt is: 



(^0 &m^^ ©OSKETED 



□ 



IjcJ the actual date of receipt of the demand by this Authority (Rule 61.1(b)). 

I I the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(e)). 

I I the date on which this Authority has, in response to the invitation to correct defects in the demand 
(Form PCT /I PEA/404), received the required corrections. 

ATTENTION: That date of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the 
election(s) made in the demand does (do) not have the effect of postponing the entry into the national phase until 30 
months from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national 
phase must be performed within 20 months from the priority date (or later in some OfHces) (Article 22). For details, see 
the PCT Applicant's GuiVfe. Volume II. 



I I (1/ applicable) This notification confirms the information given by telephone, facsimile transmission or in person 



4. 



Only where paragraph 3 applies, a copy of this notificatibn has been sent to the International Bureau. 




Name and mailing address of the I PEA/ 




European Patent Office 
D-8029$ Munich 

Tel. ( + 49-89) 2399-0, Tx: 523656 epmu d 
Fax: ( + 49-89) 2399-4465 



(24/02/2001) 



Authorized officer 

WAHRHEIT D 

Tel. ( + 49-89) 2399-2651 
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From the INTERNATIONAL BUREAU 



PCT 

NOTICE INFORMING THE APPLICANT OF THE 

^VJIVIIVILIIilllurM 1 IKJn \Jr 1 rlt I trlWM I IL/IM/\L 

APPLICATION TO THE DESIGISIATED OFFICES 
(PCT Rule 47.1(c), first sentence) 


To: 

NATAUPSKY, Steven, J. 

Knobbe, Martens, Olson & Bear, LLP 

620 Newport Center Drive 

loin Tioor 

Newport Beach, CA 92660 
ETATS-UNIS D'AMERIQUE 


Date of maiiing (day/month/year) 

25 January 2001 (25.01.01) 




Applicant's or agent's file reference 
IFLOW.063QPC 


IMPORTANT NOTICE 


International application No. International filing date (day/month/year) 
^PCT/USOO/19746 19 July 2000 (19.07.00) 


Priority date (day/month/year) 
--^9 July 1999 (19.07.99) 


Applicant 

l-FLOW CORPORATION et al 



Notice is hereby given that the International Bureau has communicated, as provided in Article 20, the International application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,KP,KR,US 



In accordance with Rule 47.1 (c), third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has, duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Office(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AE,AG,AL,AM,AP,AT,AZ,BA,BB,BG,BR,BY,BZ,CA,CH,CN,CR,CU,CZ,DE,DK,DM,DZ,EA,EE,EP,ES, 

FI,GB,GD,GE,GH,GM,HR,HUJD,IL,IN,IS,JP,KE,KG,KZ,LC,LK,LR,LS,LT,LU,LV,MA,MD,MG,MK, 

^ MN,MW,MX,MZ,NO,NZ,OA,PL,PT,RO,RU,SD,SE,SG,SI,SK,SL,TJ,TM,TR,TTTZ,UA,UG,UZ,VN,YU, 
The communication will be made to those Offices only upon their request, furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1(a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
25 January 2001 (25.01.01) under No. WO 01/05210 



REMINDER REGARDING CHAPTER II (Article 31 (2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months {or later in some Offices) from the priority 
date, a demand for international preliminary examination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 



REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 





Authorized officer 




The International Bureau of WlPO 




34, chemin des Colombettes 


J. Zahra 




121 1 Geneva 20, SwNzerland 




Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 




Form PCT/IB/308 (July 1996) 




3781774 



(12) INTERNATIONAL APPUCATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property OrganizatioD 
Intmiatioiial Bureau 

(43) International Publication Date 
25 January 2001 (25.0U001) 




PCT 



limUllililiiiilllMMIlii 

(10) International Publication Number 

WO 01/05210 A3 



(51) Intematioaal Patent Classification^: 
(21) International Application Number: 



A61M 25/00 

PCr/USOO/19746 



(22) International Filing Date: 

(25) Filing Language: 

(26) Publication Language: 



19 July 2000 (19.07^000) 



(30) Pnority Data: 

09/363^ 



19 July 1999 (19.07.1999) US 



(71) Applicant (far all designated States except US): I-FLOW 
CORPORATION [USAJS]; 20202 Windrow Drive, Lake 
F6rest,CA 92630 (US). 

(72) Inventors; and 

(75) Inventors/Applicants ffbr US only)'. DENIEGA, Jose, 
CastiUo [US/US]; 20961 Eagles Glenn, Lake Forest, CA 
92630 (US). MASSENGALE, Roger [US/US]; 28 Harve- 
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(57) Abstract: The present invention provides a cadK^ for die detiveiy of fluid medication across an anatomical r^cm. In accor- 
dance with one embodiment, die cadieter comprises an etongaled tube with a plurality of exit holes al<Mig an infosion section of die 
catheter, and an elongated flexible porous membo- residmg vnthin the tube and f (ommg an annular space betwerai die Uibe and die 
member. In accordance widi odio" embodiments, die catheter includes a tube having a phirality of exit holes in a side wafl of die 
tube. The exit holes may combine to form a flow-restricting orifice of die cadieter. Advantageously, fluid witfiin die cadi^ flows 
dirou^ all of die exit holes, resulting in unifonn distribution of fluid widun an anatomical region. In one particular embodimait, 
die cadi^ comprises a tube having elongaied exit skits dwron. In acondance widi otiier embodiments, die cadi^ mchides an 
elongated toibuiar member made of a porous membrane. The porous membraro 
end of die uibular rnember wiU flow dirou^ side walls of die tubular member at a substan^ 

tubular membCT. In accordance widi odier embodiments, die cadieter inchides an elongated "weeping" tubular cofl spring attached 
to an end of , or enclosed widnn, a tube. Fhiid widiin die spring and greater dian or equal to a direshold pressure advantageously 
flows radially outward between die spring coils. Advanta^ously. die fluid is dispensed substantially uniformly tiirougjiout a lengdi 
of the spring. 
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(57) Abstract: The present invention provides a catheter for the delivery of fluid medication across an anatomical region. In accor- 
^ dance with one embodiment, the catheter comprises an elongated tube with a plurality of exit holes along an infiision section of the 

catheter, and an elongated flexible porous member residing within the tube and forming an annular space between the tube and the 
O member. In accordance with other embodiments, the catheter includes a tube having a plurality of exit holes in a side wall of the 

tube. The exit holes may combine to form a flow-restncting orifice of the catheter. Advantageously, fluid within the catheter flows 
^ diroug^ all of the exit holes, resulting in uniform distribution of fluid within an anatomical region. In one particular embodiment, 
^ the catheter comprises a tube having elongated exit slots therein. In accordance with other embodiments, the catheter includes an 

elongated tubular member made of a porous membrane. The porous membrane is configured so that a fluid introduced into an open 
^ end of the tubular member will flow through side walls of the tubular member at a substantially uniform rate along a length of the 

mbular member. In accordance with other embodiments, the catheter includes an elongated "weeping" tubular coil spring attached 
^ end of, or enclosed within, a tube. Fluid within the spring and greater than or equal to a threshold i»essuie advantageously 
^ flows radially outward between the spring coils. Advantageously, the fluid is dispensed substantially uniformly tfafou^out a length 
^ of the spring. 
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CATHETER FOR UNIFORM DELIVERY OF MEDICATION 



BACKGROUND OF THE INVENTION 
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This invention generally relates to catheters and, in particular, to a catheter that delivers fluid medication 
uniformly across an infusion section of the catheter. 



Infusion catheters for delivery of fluid medication into anatomical systems, such as the human body, are well 
known in the art. Such catheters generally include a flexible hollow tube inserted into some region of the anatomy. The 
tube typically contains one or more axial lumens within which the fluid may flow. The proximal end of the catheter tube is 
connected to a fluid source from which fluid is introduced into the catheter tube. The fluid flows within one of the lumens 
under pressure supplied at the proximal end of the tube. For each lumen, there are commonly provided one or more exit 
holes along an infusion section near the distal end of the tube, for fluid to exit the tube. Such exit holes are created by 
piercing the side wall of the hollow tube. 

In certain medical conditions, it is advantageous to deliver fluid medication to a plurality of sites within a wound 
area. For instance, some wounds which require pain medication may be in communication with many nerve endings, rather 
than a single nerve trunk. One example of such a wound is a surgical incision. As stated above, it is known to provide a 
plurality of exit holes through which the fluid medication exits the catheter tube. The exit holes may be provided at various 
axial and circumferential positions along the catheter tube in order to control the position of the medication delivery sites. 
An example of a catheter having this configuration is disclosed in U.S. Patent No. 5,800,407 to Elder. Also, in some cases 
it is desirable to deEver such medication under low pressure, so that the fluid is delivered at a relatively low rate. For 
example, some pain medications must be delivered slowly to avoid toxicity and other side effects. Furthermore, in many 
cases It is desirable to dispense fluid medication at a substantially uniform rate throughout the Infusion section of the 
catheter, so that the medication is evenly distributed throughout the wound area. 

Unfortunately, a limitation of prior art catheters with multiple exit holes, such as the catheter taught by Eldor, is 
that during low pressure delivery of fluid medication the fluid tends to exit only through the exit hole(s) nearest to the 
proximal end of the infusion section of the catheter tube. This is because fluids flowing through a tube more readily exit 
through the exit holes offering the least flow resistance. The longer the flow path followed by the fluid in the lumen, the 
higher the flow resistance and pressure drop experienced by the fluid. The most proximal holes offer the least flow 
resistance and pressure drop. Therefore, the fluid tends to exit the catheter tube primarily through these exit holes. As a 
result, the fluid medication is delivered only to a small region within the wound area. The tendency of the fluid to 
undesirably flow only through the most proximal exit holes depends upon the hole size, the total number of exit holes, and 
the flow rate. As the hole size or number of holes increases, the fluid becomes more likely to exit only through the most 
proximal holes. Conversely, as the flow rate increases, the fluid becomes less likely to do so. 



Description of the Related Art 
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The tendency of the fluid to undesirably exit only through the nnost proximal holes of the catheter can in some 
cases be overcome by increasing the flow rate or pressure of the fluid, which causes the fluid to flow through more of the 
exit holes of the catheter. Indeed, if the flow rate or pressure is sufficiently high, the fluid will flow through ait of the exit 
holes. However, sometimes it is medically desirable to deliver medication at a relatively slow rate, i.e., at a low pressure. 
5 Also, even in those cases in which high pressure fluid delivery is acceptable or desirable, prior art catheters do not provide 
for unifomi fluid delivery along the infusion section of the catheter. Rather, the flow rate through the exit holes nearer to 
the proximal end of the infusion section tends to be greater than that through the exit holes nearer to the distal end. This is 
because the fluid passing through the more proximal holes experiences a lower flow resistance and pressure drop. In 
contrast, the fluid flowing through the more distal holes experiences greater flow resistance and pressure drop, and 
1 0 consequently exits at a lower flow rate. The further distal the hole, the lower the exit flow rate of the fluid. As a result, 
there is an uneven distribution of medication throughout the wound area. 

In another known type of infusion catheter, several lumens are provided within a catheter tube. For each lumen, 
one exit hole is provided by piercing a hole within the wall of the tube. The exit holes are provided at different axial 
positions along the infusion section of the catheter tube. In this manner, fluid medication may be delivered to several 
15 positions within the wound area. While this configuration offers improved fluid distribution, it has some disadvantages. 
One disadvantage is that the fluid flow rates through the exit holes are not equal, since the more distal exit holes offer a 
greater flow resistance for the same reasons discussed above. Another disadvantage is that the number of lumens, and 
consequently the number of fluid exit holes, is limited by the small diameter of the catheter tube. As a resuh, fluid may be 
delivered only to a very limited number of positions within the wound area. Yet another disadvantage is that the proximal 
20 ends of the lumens must be attached to a complicated manifold which increases the cost of manufacturing the catheter. 

An example of a catheter providing a more uniform dispensation of fluid medication throughout an infusion 
section of the catheter is illustrated by U.S. Patent No. 5,425,723 to Wang. Wang discloses an infusion catheter including 
an outer tube, an inner tube concentrically enclosed within the outer tube, and a central lumen within the inner tube. The 
inner tube has a smaller diameter than the outer tube, so that an annular passageway is formed therebetween. The outer 
25 tube has a plurality of evenly spaced exit holes defining the infusion section of the catheter. In use, fluid flowing within the 
central lumen passes through strategically positioned side holes within the side walls of the inner tube. In particular, the 
spacing between adjacent side holes decreases along a length of the inner tube to induce more fluid to pass through the 
more distal side holes. The fluid then flows longitudinally through the annular passageway before exiting through the exit 
holes in the outer tube wall. In the annular passageway, the fluid can flow in a distal or proximal direction, depending on 
30 the location of the nearest exit hole in the outer tube. This configuration is provided to induce a more uniform exit flow 
rate of fluid from the catheter. 

Unfortunately, the Wang catheter is only effective for relatively high pressure fluid delivery. When used for 
relatively low pressure fluid delivery, the catheter disclosed by Wang does not provide uniform dispensation of fluid. 
Instead, the fluid tends to exit through the side holes of the inner and outer tubes that are nearest to the proximal end of 
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the infusion section of the catheter, since these hofes offer the least flow resistance. Even for high pressure fluid delivery, 
there are several limitations of this design. One limitation is that the concentric tubes design is relatively complex and 
difficult to manufacture. Both tubes must be flexible enough to permit maneuverability through an anatomical system, yet 
the annular passageway must remain open so that fluid may flow uniformly therein. Another limitation is that the annular 
5 passageway may be disturbed if there is a bend in the infusion section of the tube. A bend in the catheter may deform the 
annular passageway or even cause the inner and outer tubes to come into contact. This can cause an uneven fluid 
pressure within a longitudinal cross-section of the annular passageway, resulting in non uniform fluid delivery. 

Thus, there is a need for an improved infusion catheter for delivering fluid medication uniformly along its infusion 
section in a relatively simple, easy to manufacture design which is effective for both high flow rate and low flow rate fluid 
1 0 delivery. Furthermore, it is recognized that a particular class of catheters, such as the Wang catheter, may provide uniform 
fluid delivery only at high fluid pressure or flow rates. However, there is a need for an infusion catheter belonging to this 
class that has a relatively simple, easy to manufacture design and can maintain uniform fluid delivery while bent or 
otherwise physically def ornied. 

SUMMARY OF THE IMVEMTIOW 

IS Accordingly, it is a principle object and advantage of the present invention to overcome some or all of these 

limitations and to provide an improved catheter for delivering fluid medication to a wound area of an anatomical region. 

In accordance with one embodiment the present invention a catheter is provided for the uniform delivery of fluid 
across an anatomical region, comprising an elongated tubular member made of a porous membrane. The membrane is sized 
to be inserted through a subcutaneous layer surrounding the anatomical region, such as a person's skin. The membrane is 

20 configured so that a fluid introduced under pressure into an open end of the tubular member will flow through side walls of 
the tubular member at a substantially uniform rate along a length of the tubular member. The present invention also 
provides a method of uniformly delivering fluid throughout an anatomical region, comprising the steps of inserting the 
elongated tubular member into the anatomical region and introducing a fluid under pressure into an open end of the tubular 
member. 

25 Another embodiment of the present invention provides a catheter and method for the uniform delivery of fluid 

throughout an anatomical region. The catheter comprises an elongated support and a porous membrane wrapped around 
the support. The support is configured so that one or more lumens are formed between the support and the membrane. 
Alternatively, the support may be a tubular member having a plurality of holes therein. The method comprises the steps of 
inserting the above-described catheter into the anatomical region and introducing a fluid under pressure into the proximal 

30 end of at least one of the lumens. Advantageously, the fluid passes through the membrane at a substantially uniform rate 
into the anatomical region. The present invention further provides a method of manufacturing this catheter comprising the 
steps of forming an elongated support and wrapping a porous membrane around the support so that one or more lumens 
are formed between the support and the membrane. 
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Another embodiment of the present invention provides a catheter and method for the uniform delivery of fluid 
throughout an anatomical region. The catheter comprises an elongated tube including a plurality of exit holes along a 
length thereof and a tubular porous membrane concentrically enclosed within the tube. The tube and membrane define a 
lumen. The method comprises the steps of inserting the above-mentioned catheter into the anatomical region and 
5 introducing a flud under pressure into the proximal end of the lumen so that the fluid advantageously passes through the 
membrane and the exit holes at a substantially uniform rate into the anatomical region. The present invention further 
provides a method of manufacturing this catheter, comprising the steps of forming an elongated tube, providing a plurality 
of exit holes along a length of the tube, forming a tubular porous membrane, and concentrically enclosing the tubular porous 
membrane within the tube so that the tube and membrane define a lumen. 

1 0 Yet another embodiment of the present invention provides a device and method for the uniform del'wery of fluid 

throughout an anatomical region. The device is advantageously simple and easy to manufacture, comprising an elongated 
catheter having a plurality of exit holes along a length thereof. The exit holes may serve as the flow-restricting orifice. 
Alternatively, a flow-restricting orifice may be provided elsewhere within the catheter or proximal to the catheter. The exit 
holes may gradually increase in size along the length of the catheter, so that the largest exit hole is further distal than the 

1 5 smallest exit hole. Alternatively, the holes can be laser drilled and be of approximately the same size. Advantageously, a 
fluid flowing under pressure within the catheter will flow through substantially all of the exit holes at a substantially equal 
rate. The method comprises the steps of inserting the catheter into the anatomical region and introducing a fluid under 
pressure into the proximal end of the catheter. The fluid flows through the exit holes and enters the anatomical region, 
advantageously flowing through substantially all of the exit holes at a substantially equal rate. The present invention 

20 further provides a method of manufacturing this device, comprising the steps of forming an elongated catheter and 
providing a plurality of exit holes along a length of the catheter in a manner so that the exit holes gradually increase in size 
along the length of the catheter from the proximal end to the distal end thereof. 

Yet another embodiment of the present invention provides a catheter and method for delivering fluid medication 
to an anatomical region. The catheter comprises a tube, a "weeping" tubular coil spring attached to a distal end of the 

25 tube, and a stop closing a distal end of the spring. The tube and spring each define a portion of a central lumen. The spring 
has adjacent coils in contact with one another so that fluid within the spring and below a threshold dispensation pressure is 
prevented from exiting the lumen by flowing radially between the coils. The spring has the property of stretching when the 
fluid pressure is greater than or equal to the threshold dispensation pressure permitting the fluid to be dispensed from the 
lumen by flowing radially between the coils, i.e. "weeping" through the spring. Alternatively, the fluid may weep through 

30 imperfections in the spring coil. Advantageously, the fluid is dispensed substantially uniformly throughout the length and 
circumference of a portion of the spring. In use, fluid is introduced into an open proximal end of the tube, allowed to flow 
into the spring, and brought to a pressure greater than or equal to the threshold dispensation pressure so that the fluid 
weeps through the spring. 
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Yet another embodiment of the present invention provides a catheter and method for delivering fluid medication 
to an anatomical region. The catheter comprises a distally closed tube and a "weeping" tubular coil spring, as described 
above, concentrically enclosed within the tube. A plurality of exit holes are provided in side walls along a length of the 
tube, defining an infusion section of the tube. The spring is enclosed within the infusion section so that a lumen is defined 
5 within the tube and spring. In use, fluid is introduced into a proximal end of the tube, allowed to flow into the spring, and 
brought to a pressure greater than or equal to the threshold dispensation pressure of the spring so that the fluid is 
dispensed from the lumen by weeping through the spring and then flowing through the exit holes of the tube. 

Yet another embodiment of the present invention provides a catheter comprising an elongated tube and a 
solid flexible member positioned within the tube. The tube has a closed distal end and a plurality of exit holes in side 

10 walls of the tube. The exit holes are provided along a length of the tube defining an infusion section of the catheter. 
The tube is sized to be inserted into an anatomical region. The member is positioned within the tube and is sized so 
that an annular space is formed between the tube and the member. The member is formed of a porous material. 
Advantageously, the catheter is configured so that a fluid introduced into a proximal end of the tube will flow through 
the exit holes at a substantially uniform rate throughout the infusion section. 

15 In yet another embodiment, the present invention provides a catheter comprising an elongated tube having a 

plurality of exit slots in side walls of the tube. The slots are provided along a length of the tube defining an infusion section 
of the catheter. The exit slots are oriented generally parallel to the longitudinal axis of the tube. Advantageously, the tube 
is configured so that a fluid flowing therein will flow through substantially all of the exit slots at a substantially equal rate. 
In one optional aspect, the slots increase in length from the proximal to the distal ends of the infusion section. 

20 For purposes of summarizing the invention and the advantages achieved over the prior art, certain objects and 

advantages of the invention have been described herein above. Of course, it is to be understood that not necessarily all 
such objects or advantages may be achieved in accordance with any particular embodiment of the invention. Thus, for 
example, those skilled in the art will recognize that the invention may be embodied or carried out in a manner that achieves 
or optimizes one advantage or group of advantages as taught herein without necessarily achieving other objects or 

25 advantages as may be taught or suggested herein. 

All of these embodiments are intended to be within the scope of the invention herein disclosed. These and other 
embodiments of the present invention will become readily apparent to those skilled in the art from the following detailed 
description of the preferred embodiments having reference to the attached figures, the invention not being Omited to any 
particular prefenred embodiment(s) disclosed. 

30 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic side view of a catheter having features and advantages in accordance with a first 
embodiment of the present invention; 

Fig. 2 is a sectional view of the catheter of Hg. 1, taken along line 2-2 of Rgure 1; 
5 Fig. 3 is a sectional view of the catheter of Hg. 1, taken along line 3-3 of Rgure 1; 

Rg. 4 is a perspective view of the end portion and support beam of the catheter of Rg. 1, illustrating a cross- 
section taken along line 44 of Rgure 1; 

Rg. 5 is a side view of a catheter having features and advantages in accordance with a second embodiment of 
the present invention; 

1 0 Rg. 6 is a cross-sectional view of the infusion section of the catheter of Rg. 5 taken along line 6-6 of Rgure 5; 

Fig. 7 is a cross-sectional view of a catheter having features and advantages in accordance with a third 
embodiment of the present invention; 

Fig. 8 is a side view of a catheter having features and advantages in accordance with a fourth embodiment of the 
present invention; 

1 5 Rg. 9 is a side view of a catheter having features and advantages in accordance with a fifth embodiment of the 

present invention; 

Rg. 1 0A is a cross-sectional view of the catheter of Fig. 9, illustrating an unstretched state of the spring; 
Rg. 1 0B is a cross-sectional view of the catheter of Fig. 9, illustrating a stretched state of the spring; 
Rg. 1 1 is a cross-sectional view of a catheter having features and advantages in accordance with a sixth 
20 embodiment of the present invention; 

Rg. 12 is a side view of a catheter having features and advantages in accordance with the sixth embodiment of 
the present invention; 

Rg. 13 is a longitudinal cross-sectional view of a catheter having features and advantages in accordance with 
the seventh embodiment of the present invention; 
25 Rg. 14-16 are longitudinal cross-sectional views of catheters similar to that of Fig. 13, illustrating alternative 

attachments between the internal porous member and the tube; 

Rg. 17 is a transverse cross-sectional view of a catheter according to Rgs. 13-16, wherein the internal porous 
member is concentric with the outer tube; 

Rg. 18 is a transverse cross-sectional view of a catheter according to Rgs. 13-16, wherein the intemal porous 
3 0 member is not concentric with the outer tube; 

Fig. 19 is a schematic illustration of a catheter of the present invention used in conjunction with an air 
eliminating filter; 

Rg. 20 is a side view of a catheter having features and advantages in accordance with the eighth embodiment of 
the present invention; 
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Rg. 21 is a side view of a catheter having features and advantages in accordance with the ninth embodiment of 
the present invention; and 

Fig. 22 is a schematic illustration of the use of a catheter of the present invention for treating a blood clot. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODiMEWTS 
5 Figs. 14 illustrate an infusion catheter 20 according to one embodiment of the present invention. Catheter 20 

preferably includes a flexible support 22 (Figs. 24), a non-porous membrane 24, and a porous membrane 26. The 
membranes 24 and 26 are wrapped around the support 22 to form a plurality of axial lumens between the inner surfaces of 
the membranes 24 and 26 and the surface of the support 22, as described in greater detail below. The non-porous 
membrane 24 defines a non-infusing section 28 of the catheter 20, and preferably covers the support 22 from the proximal 

1 0 end thereof to a point 30, shown in Fig. 1. Similarly, the porous membrane 26 defines an infusion section 32 of catheter 
20, and preferably covers the support 22 from the point 30 to the distal end of support 22. Alternatively, the catheter 20 
may be configured without a non-porous membrane 24. In this configuration, the porous membrane 26 covers the entire 
length of the support 2Z so that the entire length of the support 22 corresponds to the infusion section of the catheter 20. 
The infusion section can have any desired length. The proximal end of the catheter 20 may be connected to a fluid supply 

1 S 34 containing a fluid 36 such as a liquid medication. The distal end of catheter 20 may include a cap 48 (Fig. 4) defining 
the endpoint of the axial lumens within the catheter 20. 

In use, the catheter 20 is inserted into an anatomical system, such as a human body, to deliver fluid medication 
directly to a wound area within the anatomical system. In particular, the catheter 20 is designed to deliver medication 
throughout a generally linear segment of the wound area, corresponding to the infusion section 32 of the catheter 20. 

20 Thus, the catheter is preferably inserted so that the infusion section 32 is positioned within the wound area. By using well 
known methods, a physician or nurse may insert the catheter 20 with the aid of an axial guide wire 46 positioned within an 
axial guide wire lumen 44 of the catheter. Once the catheter is positioned as desired, the guide wire 46 is simply pulled 
back out through the proximal end of the catheter 20. Alternatively, the catheter 20 may be provided without a guide wire 
or a guide wire lumen. 

25 Figs. 2 and 3 illustrate a preferred configuration of the support 22. The surface of the support 22 includes 

interruptions such as a plurality of ribs 40 as shown in the figures. The interruptions are configured so that when the 
membranes 24 and 26 are wrapped around the support 22, the membranes form a portion of the walls of a plurality of 
axial lumens 38 within which the fluid 36 may flow. In a preferred configuration, a plurality of ribs 40 extend radially from 
a common axial center portion 42 of the support 2Z The ribs 40 also extend longitudinally along a length of the support 

30 22, and preferably along the entire length thereof. In the non-infusing section 28, shown in Fig. 2, the non-porous 
membrane 24 is preferably tightly wrapped around the outer edges of the ribs 40. As a result, the axial lumens 38 are 
formed between the inner surface of the non-porous membrane 24 and the outer surface of support 22. Similarly, in the 
infusion section 32, shown in Fig. 3, the porous membrane 26 is preferably tightly wrapped around the outer edges of the 
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ribs 40, so that the axial lumens 38 are formed between the inner surface of porous membrane 26 and the outer surface of 
support 22. 

In an altemative embodiment of the catheter 20, the porous membrane 26 may be wrapped around the entire 
length of the support 20, thus replacing the non-porous membrane 24. In this embodiment, the entire length of the support 
S 22 corresponds to the infusion section 32. According to another alternative embodiment, the support 22 may extend only 
within the infusion section 32, and a tube may be provided extending from the fluid supply 34 to the proximal end of the 
support 22. In this embodiment, the tube replaces the non-porous membrane 24 and the portion of the support 22 
extending within the non-infusing section 28 of the preferred embodiment. In other words, the tube defines the non- 
infusing section 28. 

10 In the preferred configuration, the nrnnber of ribs 40 equals the number of axial lumens 38. Although five ribs 40 

and axial lumens 38 are shown in Figs. 2 and 3, any suitable number of ribs 40 and lumens 38 may be provided, giving due 
consideration to the goals of providing a plurality of lumens within the catheter 20, maintaining flexibility, and, if desired, 
maintaining the fluid independence of the lumens. Herein, the terms "fluid independence," "fluid separation," and the like, 
when used to describe a plurality of axial lumens, simply mean that the lumens do not fluidly communicate with each other. 

1 5 The membranes 24 and 26 are preferably glued along the outer edges of the ribs 40, utilizing any suitable glue, such as a 
medical grade glue or epoxy. This prevents the membranes 24 and 26 from slipping, which might occur as the catheter is 
inserted or removed from the anatomy. More preferably, the membranes are glued along the entire length of the outer 
edges of each of the ribs 40. Alternatively, the membrane may be wrapped around the support and not secured to the 
support by a foreign substance. The membrane and support may also be secured to each other by other means known to 

20 those of skill in the art. This maintains the fluid independence of the lumens 38. If desired, an axial guide wire lumen 44 
may be provided within the axial central portion 42 of the support 22. The guide wire lumen 44 is adapted to receive a 
guide wire 46 which may be used to aid In the insertion of the catheter 20 into the anatomy, as described above and as will 
be easily understood by those of skill in the art. 

As shown in Fig. 4, the catheter 20 preferably includes an end portion or cap 48 secured to the distal end of 

25 support 22. End portion 48 may be formed integrally with the support 22 or may be adheshfely bonded thereto. 
Preferably, the proximal end of end portion 48 is circular and has a diameter such that the outer surface of the proximal 
end of end portion 48 is aligned with the outer edges of the ribs 40 of the support 22, as shown. The porous membrane 26 
is wrapped around the proximal end of the end portion 48. The membrane 26 is preferably glued to the end portion 48 so 
that fluid 36 within the lumens 38 is prevented from exiting the catheter 20 without passing through the walls of the 

30 membrane 26. End portion 48 blocks axial fluid flow through the distal end of catheter 20. However, end portion 48 may 
optionally be formed from a porous material to permit some axial dispensation of fluid from the distal end of the catheter 
20, if desired. The distal end of end portion 48 is preferably dome-shaped, as shown, to permit the catheter 20 to more 
easily be inserted into an anatomical region. 
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The support 22 can be formed from a variety of materials, giving due consideration to the goals of flexibility, 
light weight, strength, smoothness, and non-reactivity to anatomical systems, Le., safety. Suitable materials for the 
support 22 include nylon, polyamide, teflon, and other materials known to those skilled in the art. The porous membrane 
26 is preferably a sponge-like or foam-like material or a hollow fiber. The membrane 26 may be formed from a variety of 
5 suitable materials, giving due consideration to the goals of being flexible and non-reactive to anatomical systems* The 
membrane 26 preferably has a porosity resulting in substamially uniform dispensation of fluid along the surface area of the 
infusion section 32 of the catheter 20, and has an average pore size sufficiently small to limit the flow of bacteria through 
the membrane walls. Some suitable materials for the membrane 26 are polyethylene, polysulfone, polyethersulfone, 
polypropylene, polyvinylidene difluoride, polycarbonate, nylon, or high density polyethylene. These materials are 

1 0 advantageously biocompatible. The porous membrane 26 may filter out unwanted bacteria from the fluid medication as it 
passes through the membrane 26. It is known that the smallest bacteria cannot pass through a pore any smaller than 0.23 
microns. Thus, the average pore size, or pore diameter, of the porous membrane 26 may be less than 0.23 microns to 
prevent bacteria from traversing the membrane 26. The average pore size, or pore diameter, of the membrane 26 is 
preferably within the range of about 0.1 to 1.2 microns, more preferably within the range of about 0.3 to 1 micron, and 

1 5 even more preferably about 0.8 microns. 

As mentioned above, the proximal end of catheter 20 may be connected to a fluid supply 34. The catheter 20 
may be configured so that each axial lumen 38 is fluidly independent. In other words, the lumens 38 would not fluidly 
connnunicate with one another. The catheter 20 may be connected to a single fluid supply 34, so that the fluid 36 flows 
within each of the lumens 38. Alternatively, the catheter 20 may be connected to a phirality of separate fluid supplies so 

20 that several different fluids may separately flow within the lumens 38. According to this configuration, each lumen 38 
may be connected to a separate fluid supply so that the total number of different fluids that may be delivered to the 
anatomy is equal to the number of lumens 38. Alternatively, the fluid lumens need not be fluidly independent. For example, 
the membrane 26 may not be secured to the support 22 along the entire length of the support 22, thus permitting fluid 36 
to migrate between lumens 38. 

25 In operation, the catheter 20 delhrers fluid directly to the area of the anatomy that is adjacent to the infusion 

section 32. The fluid 36 from the fluid source 34 is introduced into the axial lumens 38 at the proximal end of the catheter 
20. The fluid 36 initially flows through the non-infusing section 28. When the fluid 36 first reaches the infusion section 
32, it soaks into the porous membrane 26. As more fluid 36 enters the infusion section 32, it diffuses longitudinally within 
the walls of the membrane 26 until the entire membrane 26 and infusion section 32 are saturated with fluid. At this point 

30 the fluid 36 begins to pass through the membrane 26, thereby exiting the catheter 20 and entering the anatomy. 
Moreover, the fluid 36 advantageously passes through the entire surface area of the porous membrane 26 at a 
substantially uniform rate, due to the characteristics of the membrane 26. Thus, the fluid is delivered at a substantially 
equal rate throughout a generally linear segment of the wound area of the anatomy. Furthermore, this advantage is 
obtained for.both low and high pressure fluid delivery. 
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Figs. 5 and 6 illustrate a catheter 50 according to an alternative embodiment of the present invention. According 
to this embodiment, the catheter 50 includes an elongated outer tube 52 and an inner elongated tubular porous membrane 
54. The tubular membrane 54 is preferably concentrically enclosed within the outer tube 5Z More preferably, the tube 52 
tightly surrounds and supports the tubular membrane 54 so that a relatively tight fit is achieved between the inner 
5 dimensions of tube 52 and the outer dimensions of membrane 54. A plurality of fluid exit holes 56 are provided within the 
tube 52, preferably throughout the entire circumference thereof. The portion of tube 52 that includes the exit holes 56 
defines the infusion section of catheter SO. The tubular membrane 54 need only be provided along the length of the 
infusion section, but could be longer. Optionally, axial exit holes may be provided within the distal tip 58 of the tube 52. 
Also, a guide wire and/or guide wire lumen may be provided to aid in the insertion of the catheter 50 into the anatomy, as 

1 0 will be understood by those skilled in the art. 

The tube 52 may be formed from any of a variety of suitable materials, such as nylon, polyimide, teflon and other 
materials known to those skilled in the art, giving due consideration to the goals of non-reactivity to anatomical systems, 
flexibility, light-weight, strength, smoothness, and safety. In a preferred configuration, the tube 52 is preferably a 20 
gauge catheter tube, having inside and outside diameters of 0.019 inches and 0.031 inches, respectively. The exit holes 

15 56 of tube 52 are preferably about 0.01 5 inches in diameter and provided at equally spaced axial positions along the tube 
52. The holes 56 are preferably arranged so that every hole is angularly displaced about 120 relatWe to the longitudinal 
axis of the tube 52, from the angular location of the previous hole. The axial separation between adjacent exit holes 56 is 
preferably within the range of about 0.125 to 0.25 inches, and more prefer^ly about 3f16 inch. Also, the infusion section 
can have any desirable length. This configuration results in a thorough, unifomi delivery of fluid throughout a generally 

20 linear segment of the wound area. Of course, the exit holes 56 may be provided in any of a variety of alternath^e 
arrangements. 

The tubular porous membrane 54 is preferably a sponge-fike or foam-lilce material or a hollow fiber. The tubular 
membrane 54 may have an average pore size, or pore dianeter, less than 0.23 microns to filter bacteria. The pore 
diameter is preferably within the range of about 0.1 to 1.2 microns, more preferably within the range of about 0.3 to 1 

25 micron, and even more preferably about 0.8 microns. The tubular membrane 54 may be formed from any of a variety of 
suitable materials, giving due consideration to the goals of non reactivity to anatomical systems, maintaining flexibility, 
fitting within the size constraints of the tube 52, and having a porosity resulting in the substantially uniform dispensation 
of fluid through all of the exit holes 56 in tube 52. Some suitable materials for the membrane 54 are polyethylene, 
polysulfone, polyethersulfone, polypropylene, polyvinylidene difluoride, polycarbonate, nylon, or high density polyethylene. 

30 Preferable inside and outside diameters of the tubular membrane 54 are 0.010 inches and 0.018 inches, respectively. In 
the event that a guide wire 46 is provided, the guide wire may be a stainless steel wire about 0.005 inches in diameter. 
The tube 52 may be secured to the membrane 54 by epoxy or other means known to those skilled in the art. Alternatively, 
the membrane 54 may contact the tube 52 with an interference fit and not use other materials to secure the membrane 54 
in the tube 52. 
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In operation, the catheter 50 delivers fluid to the region of an anatomical system adjacent to the infusion section 
of catheter 50. As the fluid flows into the infusion section, it initially soaks into the tubular porous membrane 54. As more 
fluid enters the infusion section, the fluid diffuses longitudinally within the walls of the tubular member 54. Once the 
membrane 54 and the tubular space therein are saturated, the fluid passes through the membrane 54 and exits the 
5 catheter 50 by flowing through the exit holes 56 of the tube 5Z Moreover, the fluid advantageously passes through the 
membrane substantially uniformly throughout the surface area of the membrane 54, resulting in a substantially uniform 
flow through substantially all of the exit holes 56. Thus, the fluid is delivered at a substantially equal rate throughout the 
wound area of the anatomy. Furthermore, this advantage is obtained for both low and high pressure fluid delivery. 

Fig. 7 illustrates a catheter 70 according to another embodiment of the present invention. Catheter 70 includes a 
1 0 tube 72 having a plurality of exit holes 76 in side walls of the tube, and a tubular porous membrane 74 concentrically 
enclosing the tube 72. Catheter 70 operates in a similar manner to catheter 50 described above in connection with Figs 5 
and 6. In use, fluid medication passes through the exit holes 76 and then begins to soak into the porous membrane 74. 
The fluid diffuses longitudinally within the walls of the membrane until the membrane is saturated. Thereafter, the fluid 
leaves the membrane walls and enters the anatomy. Advantageously, the fluid is dispensed to the anatomy at a 
15 substantially unifonn rate throughout the surface area of the membrane 74. As in the previous embodiments, this 
advantage is obtained for both low and high pressure fluid deihfery. 

Fig. 8 illustrates a catheter 60 according to another embodiment of the present invention. Catheter 60 is better 
suited for relatively high flow rate defivery of fluid to a region within an anatomical system. Catheter 60 includes a tube 
62 having a plurality of exit holes 64 of increasing size. In particular, the more distal exit holes are larger in diameter than 
20 the more proximal exit holes. The position of the exit holes 64 on the tube 62 defines the length of the infusion section of 
the catheter 60. The infusion section can have any desired length. The proximal end of catheter 60 is connected to a fluid 
supply, and a guide wire and/or guide wire lumen may also be provided for aiding in the insertion of catheter 60 into the 
anatomy. 

As discussed above, for high or low pressure fluid delivery, exit holes nearer to the distal end of a catheter tube 
25 generally have increased flow resistance compared to exit holes nearer to the proximal end of the tube. Also, the fluid 
flowing through the more distal holes experiences a greater pressure drop. Consequently, there is generally a greater flow 
rate of fluid through the more proximal holes, resulting in non-uniform fluid delivery. In contrast, catheter 60 
advantageously provides substantially uniform fluid delivery through substantially all of the exit holes 64, under relatively 
high flow rate conditions. This is because the larger size of the more distal holes compensates for their increased flow 
30 resistance and pressure drop. In other words, since the more distal holes are larger than the more proximal holes, there is a 
greater flow rate through the more distal holes than there would be if they were the same size as the more proximal holes. 
Advantageously, the holes 64 are provided in a gradually increasing size which results in substantially uniform fluid 
delivery. In addition, the exit holes 64 may be sized so that they combine to form a flow-restricting orifice, as described 
below in connection with the embodiment of Fig. 12. 
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As compared to prior art catheters, catheter 60 is advantageously simple and easy to manufacture. All that is 
required is to drill a plurality of exit holes 64 in the tube 62. Furthermore, catheter 60 can sustain greater bending than 
prior art catheters while maintaining operability. In contrast to prior art catheters, such as the Wang catheter, if the tube 
62 is bent somewhat it will still deliver fluid relatively uniformly. This is because the tube 62 has a single lumen with a 
S relatively large cross-section. When the tube 62 is somewhat bent, fluid flowing within the lumen is less likely to 
experience blockage and a consequent pressure change which might lead to non-uniform fluid dispensation. 

The tube 62 of catheter 60 may be formed from any of a wide variety of materials, gh/ing due consideration to 
the goals of non-reactivity to anatomical systems, flexibility, light-weight, strength, smoothness, and safety. Suitable 
materials include nylon, polyimide, teflon, and other materials known to those skilled in the art. The infusion section can 

10 have any desired length but is preferably about 0.5 to 20 inches long, and more preferably about 10 inches long. The 
diameter of the exit holes 64 preferably ranges from about 0.0002 inches at the proximal end of the infusion section to 
about 0.01 inches at the distal end thereof. The largest, i.e., most distal, exit hole 64 is preferably about 0.25 inches from 
the distal end of the tube 62. In the preferred configuration, the axial separation between adjacent holes 64 is within the 
range of about 0.125 to 0.25 inches, and more preferably about 3/16 inch. Optionally, the holes 64 may be provided so 

1 S that adjacent holes are angularly displaced by about 120 as in the embodiment of Fig. 5. Of course, if too many exit holes 
64 are provided, the tube 62 may be undesirably weakened. 

Rgures 9, 10A, and 10B illustrate a catheter 60 according to another embodiment of the present invention. The 
catheter 80 comprises a tube 82, a "weeping" tubular coil spring 84, and a stop 86. The proximal end of the spring 84 is 
attached to the distal end of the tube 82 so that the tube and spring each define a portion of a central lumen. A preferably 

20 dome-shaped stop 86 is attached to and closes the distal end of the spring 84. The portion of the spring 84 that is distal 
to the tube 82 comprises the infusion section of the catheter 80. In an unstretched state, shown in Fig. 10A, the spring 84 
has adjacent coils in contact with one another so that fluid within the spring and below a threshold dispensation pressure is 
prevented from exiting the lumen by flowing radially between the coils. The spring 84 has the property of stretching 
longitudinally, as shown in Fig. 10B, when the fluid pressure is greater than or equal to the threshold dispensation pressure 

25 of the spring, thereby permitting the fluid to be dispensed from the lumen by "weeping," i.e., leaking radially outward 
between the coils. Alternatively, the spring may stretch radially without elongating to permit fluid to weep through the 
coils of the spring. Further, the spring may stretch both longitudinally and radially to permit weeping, as will be understood 
by those of skill in the art. Advantageously, the fluid between the coils of the spring is dispensed substantially uniformly 
throughout the length and circumference of the portion of the spring that is distal to the tube 82, i.e., the infusion section. 

30 The catheter 80 can be used for both high or low flow rate fluid delivery. 

In use, the catheter 80 is inserted into an anatomical region so that the spring 84 is in a region to which fluid 
medication is desired to be delivered. The spring is initially in an unstretched state, as shown in Fig. 10A. The fluid is 
introduced into a proximal end of the tube 82 of the catheter 80 and flows into and through the spring 84 until it reaches 
the stop 86. As fluid is continually introduced into the proximal end of the tube 82, the fluid builds inside of the spring 84. 
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When the spring 84 is filled with fluid, the fluid pressure rises more quickly. The fluid imparts a force directed radially 
outward onto the spring coils. As the pressure builds, the outward force becomes larger. Once the fluid pressure rises to 
the threshold dispensation pressure, the outward force causes the spring coils to separate sGghtiy so that the spring 
stretches longitudinally, as shown in Fig. 10B. Alternathely, the coils may separate radially, as discussed above. The fluid 
5 then flows through the separated coils to be dispensed from the catheter 80. Moreover, the dispensation is 
advantageously unif onn throughout the infusion section of the catheter 80. As fluid is continually introduced into the tube 
82, the spring 84 remains stretched to continually dispense fluid to the desired region within the anatomy. If the fluid 
introduction temporarily ceases, the fluid pressure within the spring 84 may fall below the threshold dispensation pressure. 
If 50, the spring will compress so that the coils are once again adjacent and the fluid is no longer dispensed. 

1 0 Several spring types will achieve the purposes of this invention. Suitable spring types are 31 6L or 402L, which 

can be readily purchased. In a preferred configuration, the spring 84 has about 200 coils per inch along its length. In this 
configuration, the spring can advantageously sustain a high degree of bending without leaking fluid from within, and only a 
severe bend will cause adjacent coils to separate. Thus, the spring 84 may be flexed considerably within an anatomical 
region without causing fluid to leak and therefore be dispensed to only one region within the anatomy. The spring 84 can 

1 5 have any desired length to define the length of the infusion section of the catheter 80. The spring may be formed from a 
variety of materials, giving due consideration to the goals of strength, flexibility, and safety. A prefenred material is 
stainless steel. In the preferred configuration, the inside and outside diameters of the spring are about 0.02 inches and 
0.03 inches, respectively, and the spring wire has a diameter of about 0.005 inches. The proximal end of the spring 84 is 
preferably concentrically enclosed within the distal end of the tube 82. The spring can be glued to the inside wall of the 

20 tube 82 using, for example, a U.V. adhesive, a potting material, or other bonding materials. Alternatively, the spring can be 
soldered within the tube 82 or be fitted with a proximal plug and tightly plugged into the tube 82. 

The tube 82 and stop 86 can be formed from any of a variety of materials, giving due con^deration to the goals 
of flexibility, light-weight, strength, smoothness, and safety. Suitable materials include nylon, polyimide, teflon, and other 
materials known to those skilled in the art. 

25 Fig. 1 1 illustrates a catheter 90 according to another embodiment of the present invention. The catheter 90 

comprises a distaily closed tube 92 and a "weeping" tubular coil spring 94 concentricaDy enclosed within the tube 92 so 
that a liOTien is defined within the tube and spring. A plurality of exit holes 96 are provided along a length of the tube 92, in 
the side wall thereof. The length of the tube 92 including such exit holes 96 defines an infusion section of the catheter 90. 
The exit holes 96 are preferably provided throughout the walls of the infusion section. The infusion section can have any 

30 desired length. In the preferred configuration, the axial spacing between aiQacent holes 96 is within the range of about 
0.125 to 0.25 inches, and more preferably about 3/16 inch. Adjacent holes 96 are preferably angularly spaced apart by 
about 120^ The spring 94 is preferably enclosed within the infusion section of the catheter and configured similarly to the 
spring 84 of the embodiment of Figs. 9, 10A and 10B. The spring 94 is preferably longer than the infusion portion and 
positioned so that all. of the exit holes 96 are adjacent to the spring 94. In this configuration, the fluid is prevented from 
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exiting the lumen without flowing between the spring coils. A stop is preferably attached to the tube to close the distal 
end thereof. Alternatively, the tube 92 nfiay be formed with a closed distal end. The catheter 90 can be used for high or 
low flow rate fluid delivery. 

In use, the catheter 90 is inserted into an anatomical region so that the infusion section is in a region to which 
fluid medication is desired to be defiverei The fluid is introduced into a proximal end of the tube 92 of the catheter 90 and 
flows through the spring 94 until it reaches the closed distal end of the tube 92. As fluid is continually introduced into the 
proximal end of the tube 92, the fluid builds inside of the spring 94. Eventually, the spring 94 becomes filled with fluid, the 
fluid pressure rises, and the fluid weeps through the spring coils as described above in connection with the embodiment of 
Figs. 9, IDA, and 10B. Moreover, the fluid flows through the spring coils substantially uniformly throughout the length and 
circumference of the spring 94. The fluid then exits the tube 92 by flowing through the exit holes 96 of the mfusion 
section. The exit holes are preferably equal in size so that the fluid flows at a substantially equal rate through the exit 
holes, advantageously resulting in a generally uniform distribution of fluid throughout a desired region of the anatomy. As 
fluid is continually introduced into the catheter 90, the spring 94 remains stretched to continually dispense fluid from the 
catheter. If the fluid introduction ceases temporarily, the fluid pressure within the spring 94 may fall below the threshold 
dispensation pressure. If so, the spring may compress so that the coils are once again adjacent and the fluid is no longer 
dispensed. 

In the preferred configuration, the spring 94 and tube 92 are in contact along the entire length of the spring, so 
that the fluid weeping through the spring is forced to flow through the holes 96 of the infusion section. Preferably, one end 
of the spring 94 is attached to the inside walls of the tube 92, pennitting the other end of the spring to be displaced as the 
spring stretches. The spring can be glued to the tube 92 with, for example, a U.V. adhesive, potting material or other 
bonding materials. Alternatively, an end of the spring can be soldered onto the inner walls of the tube 92. The tube 92 can 
be formed from any suitable material. The inside walls of the tube 92 are preferably smooth so that the spring can more 
freely stretch and compress. 

Rg. 12 illustrates a catheter 100 according to another embodiment of the present invention. The catheter 100 
comprises a distally closed tube 102 having a plurality of exit holes 104 in side walls of the tube 102. The portion of the 
tube 102 having exit holes 104 defines an infusion section of the catheter 100. The exit holes 104 are sized to have a 
combined area of opening that is smaller than the area of any other flow-restricting cross-section or orifice of the catheter. 
Thus, the exit holes 104 are the flow-restrictor of the catheter 100. In use, the catheter advantageously dispenses fluid 
through substantially all of the exit holes 104. A fluid introduced into a proximal end of the tube 102 flows through the 
tube until it reaches the closed distal end thereof. At this point, the fluid builds within the infusion portion of the catheter. 
The fluid is substantially prevented from flowing through the holes 104, due to their small size. Eventually, the infusion 
portion of the catheter becomes filled with fluid. As fluid is continually introduced into the proximal end of the tube 102, 
the fluid pressure begins to build. At some point the pressure becomes sufficiently high to force the fluid through the exit 
holes 104. Moreover, the fluid flows through substantially all of the exit holes 104. 
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In this preferred configuration, the exit holes 104 are all equal in size so that the fluid is dispensed at a 
substantially equal rate through substantially all of the holes. The holes 104 are preferably laser drilled to achieve a very 
small hole diameter. A preferred diameter of the exit holes 104 is about 0.0002 inches, or about 5 microns. Numerous exit 
holes 104 may be provided within the tube 10Z The holes are advantageously provided throughout the circumference of 
5 the infusion portion of the catheter 100, to more uniformly deliver the fluid throughout an anatomical region. A preferred 
axial spacing between adjacent holes 104 is within the range of about 0.125 to 0.25 inches, and more preferably about 
3/16 inch. The catheter 100 can be used for high or low flow rate fluid delivery. The tube 102 can be formed from any of 
a variety of materials known to those skDIed in the art and discussed previously. 

Fig. 13 illustrates a catheter 200 according to another embodiment of the present invention. Catheter 200 

10 includes a distally closed tube 202 having a plurality of exit holes 204 therein along an infusion section of the catheter, as 
in the above-described embodiments. The holes 204 are desirably provided throughout the circumference of the tube 202. 
Enclosed within the tube 202 is an elongated member 208 formed of a porous material. Preferably, the member 206 is 
generally cylindrical in shape, and solid. Preferably, the member 206 is positioned within the tube 204 so that an annular 
space 208 is formed between the outer surface of the member 206 and the inner surface of the tube 202. Preferably, the 

1 5 member 206 extends from the distal end 21 0 of the tube 202 rearwardly to a point proximal of the infusion section of the 
catheter. Alternatively, the member 206 may extend along only a portion of the infusion section. The member 206 is 
preferably generally concentric with the tube 202, but non-concentric designs will achieve the advantages of the invention. 
Preferably, the member 206 is manufactured of a flexible material to assist with the placement of the catheter 200 in the 
body of a patient. 

20 In operation, fluid medication flowing in the tube 202 saturates the porous member 206 and flows into the 

annular region 208. Once the member 206 is saturated, the fluid in the member 206 flows into the region 208 and out of 
the catheter 200 through the exit holes 204. Advantageously, since the fluid pressure is uniform throughout the annular 
region 208, the fluid flows substantially uniformly through all of the holes 204. There are several advantages of the 
annular region 208. One advantage is that it tends to optimize the uniformity of flow through the exit holes 204. Also, the 

25 member 206 may be formed from a porous material that tends to expand when saturated with liquid. If so, the member 
206 preferably expands into the annular region 208 without pressing against the tube 202. This fimits the possibility of 
high pressure regions at the interior surface of the tube 202, which could cause uneven exit flow of the medication within 
the wound site. Alternatively, the member 206 may expand and come into contact with the tube 202, and still accomplish 
the goals of the present invention. 

30 The member 206 is formed of a porous material having an average pore size preferably within the range of .1- 50 

microns, and more preferably about 0.45 microns. The radial width W of the annular region 208 is preferably within the 
range of 0 to about 0.005 microns, and more preferably about 0.003 microns. The member 206 can be formed of any of a 
variety of materials, giving due consideration to the goals of porosity, flexibility, strength, and durability. A preferred 
material is Mentek. 
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The member 206 can be secured within the tube 202 by the use of an adhesive. In one embodiment, as shown in 
Fig. 13, the adhesive is applied at the distal end of the member 206 to form a bond with the Interior surface of the dstal 
end of the tube 202. Preferably, adhesive is applied at or near the proximal end of the infusion section of the catheter 200. 
Additionally, the adhesive can be applied to the circumference of the member 206 at any longitudinal position thereof, 
forming a ring-shaped bond with the interior surface of the tube 202. For example, in the embodiment of Fig. 13, a ring- 
shaped bond 214 is provided just proximal of the infusion section of the catheter 200. Other configurations are possible. 
For example, Fig. 14 shows an embodiment in which the adhesive is applied to the distal end of the member 206 to form a 
bond 216, and also at generally the center of the infusion section to form a ring-shaped bond 218. Fig. 15 shows an 
embodiment in which the adhesive is applied only to the distal end of the member 206 to form a bond 220. Fig. 16 shows 
an embodiment in which the adhesive is applied only to the center of the infusion section to form a ring-shaped bond 22Z 
Those of ordinary skill in the art will understand from the teachings herein that the adhesive may be applied in any of a 
variety of configurations. Thus, for example, adhesive at the distal end of the catheter (i.e., 212, 216, and 220 in Figs. 13, 
14, and 15, respectively) is not required. 

In the current best mode of the invention, preferably two bonds are incorporated - one at the most proximal hole 
and one at the most distal hole of the catheter. Each bond is fonned with an adhesive as described below. 

The ring-shaped bond 214 can be formed by pouring the adhesive in liquid form through one of the exit holes 204 
when the member 206 is in the tube 202. The adhesive, having a generally high viscosity, tends to flow about the 
circumference of the member 206, rather than into the body of the member. The adhesive thus forms a ring-shaped bond 
with the tube 202, as will be understood by those of skill in the art. Also, the adhesive plugs the exit hole 204 through 
which it is poured. Any of a variety of different types of adhesives will be acceptable, a preferred adhesive being Loctite. 

As mentioned above, the member 206 is preferably concentric with the tube 202. Fig. 17 shows a cross-section 
of a catheter 200 in which the member 206 is concentrically enclosed within the tube 202. Alternatively, the member 206 
may be positioned adjacent to the tube 202, as shown in Fig. 18. The configuration of Rg. 18 may be easier to 
manufacture than that of Fig. 17, since the member 206 does not have to be centered within the tube 202. 

Those of ordinary skill in the art will understand from the teachings herein that the member 206 can be of any 
desired length and can extend along any desired length of the infusion section of the catheter 200. For example, the 
member 206 does not have to extend to the distal end of the tube 202. Further, the proximal end of the member 206 may 
be either distal or proximal to the proximal end of the infusion section. 

When any of the catheters of the above embodiments is used, the catheter may initially have air inside of the 
catheter tube. For example, the catheter 200 shown in Fig. 13 may have air inside of the porous material of the member 
206. The introduction of liquid medication into the catheter forces the air to flow out of the exit holes. However, this may 
take several hours. If the catheter is inserted into a patient while air is inside, and liquid medication is introduced into the 
catheter, the patient's wound site may receive little or no medication until air is expelled from the catheter tube. Thus, it is 
preferred to run the liquid medication through the catheter prior to inserting the catheter into a patient, to ensure that the 
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air is expelled from the catheter prior to use. Further, with reference to Fig. 19, an air filter 224, as known in the art, can 
be inserted into the catheter tubing proximal the infusion section 226 of the catheter 200. The filter 224 prevents 
undesirable air from entering the infusion section 226 of the catheter 200. 

Figs. 20 and 21 illustrate catheter tubes having elongated exit holes or slots. These catheter tubes may be used 
5 in place of the catheter tubes shown and described above. Fig. 20 shows a tube 230 having exit holes or slots 232 that 
are elongated in the longitudinal direction of the tube 230. The slots 232 are preferably provided throughout the 
circumference of the tube 230, along the infusion section of the catheter. Compared to smaller exit holes, the elongated 
slots 232 tend to increase the flowrate of fluid exiting the catheter, by reducing the flow impedance experienced by the 
fluid. Preferably, the slots 232 may be oriented longitudinally on the catheter body so as not to compromise the structural 
1 0 integrity of the catheter 200, as will be easily understood by those of skill in the art. 

Fig. 21 shows a tube 234 having exit holes or slots 236 whose lengths increase along the length of the tube in 
the distal direction. In the illustrated embodiment, the slots nearer to the proximal end of the infusion section of the tube 
234 are shorter in length than the slots nearer to the distal end of the infusion section. As in the embodiment of Fig. 8, the 
catheter tube 234 advantageously provides substantially uniform fluid delivery through substantially all of the exit slots 
1 5 236, under relatively high flow rate conditions. This is because the larger size of the more distal slots compensates for 
their increased flow resistance and pressure drop. In other words, since the more distal slots are larger than the more 
proximal slots, there is a greater flow rate through the more distal slots than there would be if they were the same size as 
the more proximal slots. Advantageously, the slots 236 are provided in a gradually increasing length, which results in 
substantially uniform fluid delivery. Further, the elongated slots result in generally higher exit flowrates, as in the 
20 embodiment of Fig. 20. 

With regard to all of the above embodiments of catheters, an independent guide wire lumen may be provided 
within or adjacent to the lumen(s) disclosed, as wilt be understood by those skilled in the art. 

The catheters of the present invention can be used in various medical applications. With reference to Fig. 
22, in one exemplary application a catheter 20 (reference numeral 20 is used to identify the catheter, but any of the 
25 above-described catheters can be used) is inserted into a blood clot 240 inside of a vein or artery 242. Preferably, the 
infusion section of the catheter is within the blood clot 240. Liquid medication is preferably introduced into the 
proximal end of the catheter tube. Advantageously, the medication exits the catheter 20 at a uniform rate throughout 
the infusion section to dissolve the clot 240. 

As will be easily understood by those of skill in the art, any of the catheter embodiments described herein 
30 may be used in a variety of applications including, but not limited to, peripheral nerve blocks, intrathecal infusions, 
epideral infusions, intravascular infusions, intraarterial infusions and intraarticular infusions, as well as in wound site 
pain management. 

in addition, any of the catheters disclosed herein may be integral with a fluid line eminating from an infusion 
pump as opposed to being an independent catheter designed to be connected or secured to an infusion pump. 
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Although this invention has been disclosed in the context of certain preferred embodiments and examples, it will 
be understood by those skilled in the art that the present invention extends beyond the specifically disclosed embodiments 
to other alternative embodiments and/or uses of the invention and obvious modifications and equivalents thereof. Thus, it 
is intended that the scope of the present invention herein disclosed should not be limited by the particular disclosed 
5 embodiments described above, but should be determined only by a fair reading of the claims that follow. 
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WHAT IS CLAIMED IS : 

I . A catheter for the uniform delivery of fluid throughout an anatomical region, comprising: 

an elongated tube having a closed distal end and a plurality of exit holes in side walls of said tube, 
said exit holes provided along a length of said tube defining an infusion section of said catheter, said tube 
5 being sized to be inserted into an anatomical region; and 

an elongated member positioned within said tube, said member being sized so that an annular 
space is formed between said tube and said member, said member being formed of a porous material; 

wherein said catheter is configured so that a fluid introduced into a proximal end of said tube will 
flow through said exit holes at a substantially uniform rate throughout said infusion section. 
10 2. The catheter of Claim 1 , wherein said member is concentric with said tube. 

3. The catheter of Claim 1, wherein said member is not concentric with said tube. 

4. The catheter of Claim 1, wherein said member is secured to said tube by a ring-shaped bond near 
the proximal end of said infusion section. 

5. The catheter of Claim 1, wherein said member is secured to said tube by a ring-shaped bond 
1 5 generally midway between the proximal and distal ends of said infusion section. 

6. The catheter of Claim 1, wherein said member is bonded to said tube at the distal end of said 

member. 

7. The catheter of Claim 1, wherein said porous material has an average pore size within the range of 
.1-50 microns. 

20 8. The catheter of Claim 1, wherein said porous material is Mentek. 

9. The catheter of Claim 1, wherein said annular space has a radial width within the range of 0:0.005 

microns. 

1 0. The catheter of Claim 1 ^ further comprising an air filter in the flow path of said tube. 

II. A catheter for the uniform delivery of fluid throughout an anatomical region, comprising an elongated 
25 tube having a plurality of exit slots in side walls of said tube, said slots being provided along a length of said tube defining 

an infusion section of said catheter, said slots being oriented generally parallel to the longitudinal axis of said tube, said 
tube being configured so that a fluid flowing therein will flow through substantially all of said exit slots at a substantially 
equal rate. 

12. The catheter of Claim 11, wherein said slots increase in length from the proximal to the distal ends of 
30 said infusion section. 

13. A catheter for the uniform delivery of fluid throughout an anatomical region, comprising an 
elongated tubular member made of a porous membrane, said member sized to be inserted into an anatomical region, 
said membrane being configured so that a fluid introduced under pressure into an open end of said tubular member will 
flow through side walls of said tubular member at a substantially uniform rate along a length of said tubular member. 
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14. The catheter of Claim 13, wherein said porous membrane is formed from one of a group consisting 
of polyethylene, polysulfone, polyethersulfone, polypropylene, poiyvinylidene difluoride, polycarbonate, nylon, or high 
density polyethylene. 

15. The catheter of Claim 13, wherein said membrane has an average pore diameter less than 0.23 

5 microns. 

16. The catheter of Claim 13, further comprising a support defining at least one lumen and having at 
least one fluid passage exposed to said membrane. 

1 7. A method of uniformly delivering fluid throughout an anatomical region, comprising the steps of: 
inserting an elongated tubular member into said anatomical region, said tubular member being made 

10 of a porous membrane and being sized to be inserted through a subcutaneous layer surrounding said 

anatomical region, said membrane being configured so that a fluid introduced under pressure into an open 
end of said tubular member will flow through side walls of said tubular member at a substantially uniform 
rate along a length of said tubular member; and 

introducing a fluid into an open end of said tubular member. 
15 18. A catheter for the uniform delivery of fluid throughout an anatomical region, comprising: 

an elongated support; and 
a porous membrane wrapped around said support; 

said support being configured so that at least one lumen is formed between said support and said 
membrane. 

20 19. The catheter of Claim 18, wherein said porous membrane is configured so that a fluid flowing 

within said lumen will pass through a portion of said membrane at a substantially uniform rate throughout the surface 
area of said portion of said membrane. 

20. The catheter of Claim 18, wherein the surface of said support includes interruptions such that 
when said porous membrane is wrapped around said support, said membrane forms a portion of the wall of said 

25 lumen. 

21. The catheter of Claim 20, wherein said interruptions comprise a plurality of ribs extending radially 
from an axial center portion of said support, said ribs also extending longitudinally along a length of said support, said 
porous membrane wrapped around the outer edges of said ribs. 

22. The catheter of Claim 18, further comprising a non-porous membrane wrapped around a portion of 
30 said support proximal to the portion of said support around which said porous membrane is wrapped, said non-porous 

membrane forming a portion of the wall of said lumen. 

23. The catheter of Claim 18, wherein a first of said lumens is separated from a second of said 
lumens, so that a first fluid flowing within said first lumen and a second fluid flowing within said second lumen will 
remain separated for as long as said first and second fluids remain within said catheter. 
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24. The catheter of Claim 23, wherein each of said lumens is separated so that a first fluid flowing 
within any of said lumens and a second fluid flowing within any other of said lumens will remain separated for as long 
as said first and second fluids remain within said catheter. 

25. The catheter of Claim 18, wherein said support and porous membrane are substantially flexible. 

5 26. The catheter of Claim 21, wherein said axial center portion contains an axial guide wire lumen 

adapted to slidably receive a guide wire. 

27. The catheter of Claim 21 , wherein said porous membrane is secured to the outer edges of said ribs. 

28. The catheter of Claim 1 8, wherein the average pore diameter of said porous membrane is less than 
0.23 microns. 

10 29. A method of uniformly delivering fluid throughout an anatomical region, comprising the steps of: 

inserting a catheter into said anatomical region, said catheter comprising an elongated support and 
a porous membrane wrapped around said support, wherein said support is configured so that one or more 
lumens are formed between said support and said porous membrane; and 

introducing a fluid into the proximal end of at least one of said lumens, said fluid passing through 
1 5 said membrane into said anatomical region. 

30. A method of manufacturing a catheter for the uniform delivery of fluid throughout an anatomical 
region, comprising the steps of: 

forming an elongated support; 

configuring said support so that when a sheet is wrapped around said support one or more lumens 
20 are formed between said support and said sheet; and 

wrapping a porous membrane arodnd said support so that one or more lumens are formed between 
said support and said membrane. 

31. The method of Claim 30, further comprising the step of configuring said porous membrane so that 
a fluid flowing within any of said lumens will pass through a portion of said membrane at a substantially uniform rate 

25 throughout the surface area of said portion of said membrane. 

32. The method of Claim 30, wherein said configuring step includes providing interruptions within the 
surface of said support such that when said porous membrane is wrapped around said support, said membrane forms 
a portion of the walls of said lumens. 

33. The method of Claim 32, further comprising the step of configuring said interruptions to comprise a 
30 plurality of ribs extending radially from an axial center portion of said support, said ribs also extending longitudinally 

along a length of said support, said porous membrane being wrapped around the outer edges of said ribs. 

34. The method of Claim 33, further comprising the step of forming an axial guide wire lumen within 
said axial center portion, said axial guide wire lumen adapted to slidably receive a guide wire. 
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35. The method of Claim 33, further comprising the step of securing said porous membrane to said 
outer edges of said ribs. 

36. The method of Claim 30, further comprising the step of wrapping a non-porous membrane around a 
portion of said support proximal to the portion of said support around which said porous membrane is wrapped, said 

S non-porous membrane forming a portion of the walls of said lumens. 

37. The method of Claim 30, further comprising the step of configuring said support and porous 
membrane to be substantially flexible. 

38. The method of Claim 30, further comprising the step of configuring said lumens to be fluidly 
separated from one another. 

10 39. A catheter for the uniform delivery of fluid throughout an anatomical region, comprising: 

an elongated tube including a plurality of exit holes along a length thereof; and 
a tubular porous membrane concentrically enclosed within said tube, said tube and membrane 
defining a lumen. 

40. The catheter of Claim 39, wherein said tubular membrane is configured so that a fluid flowing 
15 through said lumen will pass through the walls of said tubular membrane at a substantially uniform rate throughout 

the entire surface area of said membrane. 

41. The catheter of Claim 39, wherein said lumen is configured so that a fluid flowing within said 
lumen will pass through the walls of said tubular membrane and exit said tube by flowing through substantially all of 
said exit holes at a substantially equal rate. 

20 42. The catheter of Claim 39, wherein said tube tightly surrounds said tubular membrane. 

43. The catheter of Claim 39, wherein said tube and said tubular membrane are substantially flexible. 

44. The catheter of Claim 39, wherein said exit holes are provided throughout the circumference of 

said tube. 

45. The catheter of Claim 39, wherein the average pore diameter of said tubular membrane is less than 
25 0.23 microns. 

46. A method of uniformly delivering fluid throughout an anatomical regioh, comprising the steps of: 
inserting a catheter into said anatomical region, said catheter comprising an elongated tube 

including a plurality of exit holes along a length of said tube, and a tubular porous membrane concentrically 
enclosed within said tube, said tube and membrane defining a lumen; and 
30 introducing a fluid under pressure into the proximal end of said lumen, said fluid passing through 

said membrane and said exit holes into said anatomical region. 

47. A method of manufacturing a catheter for the uniform delivery of fluid throughout an anatomical 
region, comprising the steps of: 

forming an elongated tube; 
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providing a plurality of exit holes along a length of said tube; 
forming a tubular porous membrane; and 

concentrically enclosing said tubular porous membrane within said tube, said tube and membrane 
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defining a lumen. 

48. The method of Claim 47, further comprising the step of configuring said tubular membrane so that 
a fluid flowing through said lumen will pass through the walls of said tubular membrane at a substantially uniform rate 
throughout the entire surface area of said membrane. 

49. The method of Claim 47, further comprising the step of configuring said lumen so that a fluid 
flowing within said lumen will pass through the walls of said tubular membrane and exit said tube by flowing through 
substantially all of said exit holes at a substantially equal rate. 

50. The method of Claim 47, further comprising the step of configuring said tube and said tubular 
membrane so that said tube tightly surrounds said membrane. 

51. The method of Claim 47, further comprising the step of configuring said tube and tubular 
membrane to be substantially flexible. 

52. The method of Claim 47, wherein said exit holes are provided throughout the circumference of said 

tube. 

53. The method of Claim 47, wherein said tubular membrane has an average pore diameter less than 
0.23 microns. 

54. A device for the uniform delivery of fluid throughout an anatomical region, comprising an elongated 
catheter having a plurality of exit holes along a length of said catheter, said exit holes gradually increasing in size 
along said length of said catheter, wherein the largest of said exit holes is nearer to the distal end of said catheter 
than the smallest of said exit holes, so that a fluid flowing under pressure within said catheter will flow through 
substantially all of said exit holes at a substantially equal rate, said catheter being formed from a material that is non- 
reactive to anatomical systems. 

55. The device of Claim 54, wherein said exit holes are provided throughout the circumference of said 

catheter. 

56. The device of Claim 54, wherein the smallest of said exit holes has a diameter of at least 0.0002 
inches and the largest of said exit holes has a diameter of at most 0.01 inches. 

57. A method of uniformly delivering fluid throughout an anatomical region, comprising the steps of: 
inserting an elongated catheter into said anatomical region, said catheter having a plurality of exit 

holes along a length of said catheter, said exit holes gradually increasing in size along said length of said 
catheter, wherein the largest of said exit holes is nearer to the distal end of said catheter than the smallest 
of said exit holes, said catheter being formed from a material that is non-reactive to anatomical systems; and 
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introducing a fluid under pressure into the proximal end of said catheter, said fluid flowing through 
said exit holes and entering said anatomical region, said fluid flowing through substantially all of said exit 
holes at a substantially equal rate. 

58. A method of manufacturing a device for the uniform delivery of fluid throughout an anatomical 
5 region, comprising the steps of: 

forming an elongated catheter from a material that is non-reactive to anatomical systems; and 
providing a plurality of exit holes along a length of said catheter, said exit holes gradually 
increasing in size along said length of said catheter, wherein the largest of said exit holes is nearer to the 
distal end of said catheter than the smallest of said exit holes, so that a fluid flowing under pressure within 
1 0 said catheter will flow through substantially all of said exit holes at a substantially equal rate. 

59. The method of Claim 58, wherein said providing step includes providing said exit holes throughout 
the circumference of said catheter. 

60. A catheter for the delivery of fluid throughout an anatomical region, comprising: 
a tube; 

15^ a tubular coil spring having a proximal end attached to a distal end of said tube; and 

a stop closing a distal end of said spring; 

said tube and said spring each defining a portion of a central lumen, said spring having adjacent 
coils in contact with one another so that fluid within said spring and below a threshold dispensation pressure 
is prevented from exiting said lumen by flowing radially between said coils, said spring having the property 
20 of stretching when the fluid pressure is greater than or equal to said threshold dispensation pressure and 

permitting the fluid to be dispensed from said lumen by flowing radially between said coils. 

61. The catheter of Claim 60, wherein said spring is configured so that the fluid between the coils is 
dispensed substantially uniformly throughout the length and circumference of a portion of said spring. 

62. The catheter of Claim 60, wherein said catheter further includes a lumen through said stop 
25 defining a guide wire lumen for use with a guide wire. 

63. A method of delivering a fluid to an anatomical region, comprising the steps of: 
introducing a fluid into an open proximal end of a tube; 

allowing said fluid to flow into a tubular coil spring within an anatomical region and having a 
proximal end attached to a distal end of said tube so that said tube and spring each form a portion of a 
30 lumen, said spring having a stop closing a distal end of said spring, said spring having adjacent coils in 

contact with one another so that said fluid within said spring and below a threshold dispensation pressure is 
prevented from exiting said lumen by flowing radially between said coils, said spring having the property of 
stretching when the fluid pressure is greater than or equal to said threshold dispensation pressure and 
permitting the fluid to be dispensed from said lumen by flowing radially between said coils; and 
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bringing the fluid inside of said spring to a pressure greater than or equal to said threshold 
dispensation pressure; 

wherein said fluid exits said lumen by flowing radially between said coils. 

64. A method of manufacturing a catheter for the delivery of fluid throughout an anatomical region, 
5 comprising the steps of: 

providing a tube; 

attaching a proximal end of a tubular coil spring to a distal end of said tube so that said tube and 
said spring each define a portion of a central lumen, said spring having adjacent coils in contact with one 
another so that fluid within said spring and below a threshold dispensation pressure is prevented from 
10 exiting said lumen by flowing radially between said coils, said spring having the property of stretching when 

the fluid pressure is greater than or equal to said threshold dispensation pressure and permitting the fluid to 
be dispensed from said lumen by flowing radially between said coils; and 

attaching a stop to the distal end of said spring. 

65. A catheter for the delivery of fluid throughout an anatomical region, comprising: 

IS a distally closed tube, a length of said tube defining an infusion section of said tube, said infusion 

section having a plurality of exit holes in a side wall of said tube; and 

a tubular coil spring concentrically enclosed within said infusion section so that a lumen is defined 
within said tube and said spring; 

said spring having adjacent coils in contact with one another so thgt fluid within said lumen and 
20 below a threshold dispensation pressure is prevented from exiting said lumen by flowing radially between 

said coils, said spring having the property of stretching when the fluid pressure is greater than or equal to 
said threshold dispensation pressure and permitting the fluid to be dispensed from said lumen by flowing 
radially between said coils and through said exit holes. 

66. The catheter of Claim 65, wherein said spring is configured so that the fluid between the coils is 
25 dispensed substantially uniformly throughout the length and circumference of a portion of said spring and thereafter 

flows through substantially all of said exit holes. 

67. The catheter of Claim 66, wherein said exit holes are substantially equal in size so that the fluid 
flows through said exit holes at a substantially equal rate. 

68. The catheter of Claim 65, wherein said spring and said tube are in contact along a substantial 
30 length of said spring. 

69. A method of delivering a fluid throughout an anatomical region, comprising the steps of: 
inserting an infusion section of a tube into an anatomical region; 

introducing a fluid into a proximal end of said tube, a length of said tube defining said infusion 
section, said infusion section having a plurality of exit holes in side walls of said tube and concentrically 
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enclosing a tubular coil spring, a lumen being defined within said tube and spring, said spring having adjacent 
coils in contact with one another so that fluid within said lumen and below a threshold dispensation pressure 
is prevented from exiting said iumen by flowing radially between said coils, said spring having the property 
of stretching when the fluid pressure is greater than or equal to said threshold dispensation pressure and 
permitting the fluid to be dispensed from said lumen by flowing radially between said coils and through said 
exit holes; 

allowing said fluid to flow into said spring; and 

bringing the fluid within said spring to a pressure greater than or equal to said threshold 
dispensation pressure; 

wherein said fluid is dispensed from said lumen by flowing radially between said coils and through 
said exit holes. 

70. A method of manufacturing a catheter for the delivery of fluid to an anatomical region, comprising 



providing a distally closed tube, a length of said tube defining an infusion section of said tube, said 
infusion section having exit holes in side walls of said tube; and 

inserting a tubular coil spring concentrically into said infusion section, a lumen being defined within 
said tube and spring, said spring having adjacent coils in contact with one another so that fluid within said 
lumen and below a threshold dispensation pressure is prevented from exiting said lumen by flowing radially 
between said coils, said spring having the property of stretching when the fluid pressure is greater than or 
equal to said threshold dispensation pressure and permitting the fluid to be dispensed from said lumen by 
flowing radially between said coils and through said exit holes. 

71. A catheter for the delivery of fluid throughout an anatomical region, comprising a tube having a 
plurality of exit holes in a side wall of said tube, said tube being distally closed, said exit holes being sized so that all 
of said exit holes form a flow-restricting orifice. 

72. The catheter of Claim 71, wherein said exit holes are equally sized so that fluid dispensed from 
said tube flows at a substantially equal rate through all of said exit holes. 



the steps of: 
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